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INTRODUCTION
Although body temperature had been measured sporadically as a sort of
novelty for a number of years, it was not until 1868 when the German
physician, Wunderlich, published the results of his monumental researches
on clinical thermometry that the tremendous usefulness of the thermometer
as an instrument of physical diagnosis was widely recognized. Wunderlich's
book, the compilation of sixteen years of observations on body temperature
in disease, was translated into English in 1871;0 the preface to this edition
contains the following statement:
The more my observations were multiplied the more firmly rooted did my conviction
become of the unparalleled value of this method of investigation, as giving an accurate
and reliable insight into the condition of the sick.
The years have justified Dr. Wunderlich's conviction. The standard prac-
tice of recording patients' temperatures has become so taken for granted
that many older observations which enabled the physician to draw definite,
albeit limited, conclusions from simple inspection of the graphic record of
a patient's febrile course are often neglected or forgotten. Much of the de-
emphasis of fever (as well as other physical signs) is a matter of "one sees
only what one looks for." However, the "modern" tendency to substitute
laboratory tests for history and physical examination and the temptation of
the "easy out" offered by the availability of antibiotics are probably equally
responsible. While few would deny categorically the suggestion that fever
can be a valuable indicator of the correct diagnosis, of the severity or dura-
tion of an illness, of therapeutic response, of relapse or complication, or,
indeed, of the presence or absence of an organic basis for complaints, it
would seem useful to review the significance of fever in the present-day
management of acute infections.
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THE MECHANISM OF FEVER WITH INFECTIONS
Although the physiological mechanisms responsible for maintaining the
balance between heat production and heat loss have been subjected to
numerous experimental studies, surprisingly little attention has been paid
to the ways in which disease disturbs this equilibrium. Many bacteria, par-
ticularly Gram negative organisms,7 and a few viruses"8' elaborate "pyro-
gens" or toxins which provoke an elevation of body temperature when
injected into man or animals; the familiar use of typhoid vaccine for fever
therapy is an example. However, numerous pathogenic microorganisms
possess no detectable pyrogen, and fever also occurs with diseases in which
there is no invasion of the host by an infectious agent. These include:
neoplastic diseases (lymphoma or hypernephroma); hemolytic crises;
hypersensitively states (serum sickness, drug fevers and, perhaps, the "col-
lagen diseases"); vascular occlusions (pulmonary or myocardial infarc-
tions); and metabolic abnormalities (gout and porphyria). A common
denominator in these afflictions is tissue injury and the hypothesis most
often advanced states that fever results from the action upon cerebral regu-
latory centers of substances released from damaged cells. Without going
into detail, it may be stated that convincing experimental proof of this
hypothesis is exceedingly difficult to come by although some evidence is at
hand.""' 98However, our lack of understanding of the basic mechanism
of a symptom or sign as common as fever is by no means unique. We are
equally ignorant as to the mechanism of leukocytosis and leukopenia; even
the factors responsible for the localization of the skin manifestations of
infections are mysterious. For instance, the rash accompanying murine
typhus begins on the trunk and spreads distally, while the rash of Rocky
Mountain spotted fever, another rickettsial disease, starts on the extrem-
ities and spreads proximally. We do not know why rose spots in typhoid
appear on the abdomen or why the circumoral region is spared in scarlet
fever. When it comes to such bizarre examples as the erythema of pretibial
or Ft. Bragg fever, which is often limited to the shins, we are totally lost.
Before turning to a discussion of some factors to be considered in
evaluating the clinical significance of fever in the management of acute
infections, it is pertinent to point out that the febrile course of many diseases,
infectious or non-infectious, is so irregular that practically no definite con-
clusions are possible. Furthermore, none of the points to be discussed in
regard to fever in specific diseases is invariable enough to warrant inter-
pretation of elevated body temperature as a physical sign with any less
caution than is used in evaluating other physical findings such as those
elicited by auscultation of the heart and lungs. Lastly, conclusions after
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inspection of a patient's fever chart must often be modified after considera-
tion of all information that is available from history, physical examination,
and laboratory tests.
CHILLS AND RIGORS
The fever of infection may be insidious in onset or begin suddenly with a
shaking chill. It is important to distinguish chilliness or chilly sensations
which are common with all fevers from true rigors. Shaking chills are com-
mon in some infections, unusual in others. For example, when jaundice
and fever occur together, it is well to remember that chills are rare in viral
hepatitis but are common in cholangitis secondary to stones in the biliary
system. Although chills are mentioned in some descriptions of infectious
hepatitis, it is probable that the distinction between chilliness and chills
was not made. If the patient's chief complaint is pleuritic pain, the rarity
of rigors with pulmonary infarction as compared to their frequency in bac-
terial pneumonias may be helpful in diagnosis. The number of chills is
sometimes of significance. Repeated chills over a period of several days sug-
gest bacteremia or in an endemic area, malaria. The common practice of
taking aspirin or some other antipyretic at home, however, can result in
repeated sweats and rigors which will mislead the physician who takes the
history unless the patient is asked specifically about such medication. It is
uncommon for pneumococcal pneumonia to cause more than a single chill;-
a history of repeated chills in a patient with pneumonia who has taken no
antipyretic strongly suggests an etiologic organism other than the pneumo-
coccus. Not all chills are due to infections; Hodgkin's disease, hyper-
nephroma, and hemolytic crises are examples of other diseases which may
be accompanied by shaking chills.
In bacterial infections, chills are often the signal of transient invasion of
the blood stream by the infecting organism. The train of events is similar
to that following the intravenous injection of typhoid vaccine in fever
therapy where the rise in temperature, with its unpleasant accompanying
symptoms, does not begin until more than an hour after introduction of the
pyrogen into the blood stream. A lag period of ninety minutes to two hours
is typical7 and is of considerable importance not only from a theoretical
viewpoint but also in the very practical matter of obtaining blood cultures.
Bacteria which enter the blood stream are ordinarily removed with great
rapidity by the cells of the reticulo-endothelial system and, as has been
demonstrated on numerous occasions, blood cultures obtained at the time
of a chill may show no growth, the offending organisms having long since
been phagocytosed.10 For this reason, in a patient with repeated chills or
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spiking fever without chills, an effort should be made to obtain diagnostic
blood cultures during the hour or two before the expected rise in tempera-
ture. Figure 1 is a portion of the temperature chart of an elderly woman
with chronic meningococcemia. She had had intermittent chills during the
preceding three weeks and developed a typical rash consisting of erythema-
tous macules and papules with hemorrhagic centers shortly before admis-
sion. Of ten blood cultures taken, as indicated by the arrows, only one was
positive, and, in this instance, the bacteria grew in blood obtained during
the downswing of a temperature spike. This apparent exception to the rule
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FIG. 1. Temperature record of elderly FIG. 2. Diagrammatic representation of
woman with chronic meningococcemia. Of some of the common patterns of fever.
ten blood cultures taken (indicated by
arrows) the only one showing growth
was obtained as fever was subsiding after
a sudden rise.
just stated is cited to emphasize two points: first, blood cultures obtained at
this stage can be diagnostic and, while it is preferable and often helpful to
anticipate the fever, multiple cultures during the day are certainly justified
as a diagnostic procedure in febrile patients; second, in this specific infec-
tion, chronic meningococcemia, numerous cultures over a period of several
days may be required to isolate the causative organism.
Lastly, the treatment of a chill deserves a word. Quite apart from the
sudden rise in body temperature, headache, back-pain, nausea, and uncon-
trollable shivering unite to render the patient a miserable and pitiful sight
as he burrows under the blankets with chattering teeth seeking in vain to
warm himself. The rapid intravenous injection of 10 or 20 ml. of 10 per
cent calcium gluconate will usually stop the rigor abruptly and relieve most
of the patient's malaise although the subsequent rise in temperature is not
appreciably affected.5 The mechanism of this effect is not clear; the increase
in heat-production occasioned by the rhythmic muscle contractions during
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chilling, which may be as much as 600 per cent,' is apparently made up by
the liver or by continuous muscle activity without the unpleasant jerking
movements, or is compensated by further decrease in heat loss through
intense peripheral vasoconstriction. At any rate, the alleviation of discom-
fort is often dramatic, and the patient's esteem for his physician usually
rises despite the fact that the doctor often not only stopped the chill but
also initiated it by administration of pyrogen-contaminated glucose or blood.
TYPES OF FEVER CURVES
Inspection of the graphic record of a patient's febrile course is a source
of information useful to the clinician. Recurrence of fever may signal relapse
or complications; in typhoid, abrupt defervescence is sometimes the first
indicator of intestinal hemorrhage.
The shape of the curve may be enough to suggest a correct diagnosis or
to eliminate some of the diseases under consideration. Figure 2 presents, in
diagrammatic fashion, examples of some of the well-known types of fever:'
remittent, in which there are wide variations during the day but the tem-
perature never returns to normal; intermittent or quotidian, in which there
are daily spikes with return to the baseline in the interval; sustained, in
which there is fever throughout each day with variation of less than 20 F.
during the 24 hours; and recurrent or relapsing, consisting of bouts of fever
for a few days separated by periods of normal temperature. When remittent
or intermittent fevers show wide daily swings, often with repeated chills,
the term hectic or septic fever is used. Such a curve suggests pyogenic
infection, often with localized suppuration. In this country, the presence of
a recurrent or relapsing type of fever suggests malaria, rat-bite fever (due
to Spirillum minus or Streptobacillus moniliformis), relapsing fever
(caused by Borrelia hermsi or parkeri in some Western states), or chronic
meningococcemia.' One special type of recurrent or relapsing fever, the
"saddle-back" or "dromedary" curve, is usually described as typical of
dengue; actually it is only occasionally seen.3' A number of other virus
diseases are characterized by a few days of fever followed by a period of
normal temperature and then recurrence of fever. Poliomyelitis, particu-
larly in children, consists of a minor illness followed in a day or two by the
major illness. Colorado tick fever, a relatively common virus infection in
Colorado, Idaho, Utah, and Wyoming, is characterized by two bouts of
fever and malaise separated by a symptom-free interval of two days. Small-
pox is often "camel-back" in onset and in yellow fever, the stages of active
congestion and of stasis are usually separated by an afebrile period.
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Sustained fever is typical of rickettsial infections; it is the rule in
pneumococcal pneumonia, and the classic fever of untreated typhoid is
sustained or mildly remittent.
Certain of the classic fevers deserve comment. The Pel-Ebstein type of
recurrent fever of Hodgkin's disease is seen in fewer than 5 per cent of
cases. Of undulant fever or brucellosis, Spink says :'
Contrary to classic descriptions of the disease, the temperature curve does not usually
exhibit a remittent or undulating type of fever . . . The usual course is that of an inter-
mittent fever with diurnal variations from 980 up to 1000 to 1040 F. Occasionally a
sustained fever may take place, as observed in typhoid fever.
A fever curve with two spikes during each 24 hours, the so-called "double
quotidian" curve should suggest gonococcal endocarditis or kala-azar."
Endocarditis due to the gonococcus has become extremely rare but careful
studies before penicillin was available confirmed the presence of such a
febrile curve in about 50 per cent of cases.'9 Kala-azar is not likely to cause
great concern in the differential diagnosis of infections in this country.
The normal diurnal gradient of body temperature is worth bearing in
mind in examining fever charts. During the day, the body temperature
increases from an oral level of about 97.5° on awaking in the morning to as
high as 99.20 in the early evening. During the night, it falls gradually to its
lowest level at 2-4 a.m. and rises slowly after this time. All the factors
responsible for this gradient are not clear. Increasing activity during the
day, and rest at night are usually stated to be responsible for these changes,
the rise beginning at 2-4 a.m. being attributed to restlessness prior to
awaking. Other factors are probably operative, however, since patients con-
fined to bed continue to show this pattern of change and the extensive
studies of Kleitman"6 showed that reversal of activity such as work on the
"swing-shift" or as a night-watchman, contrary to popular belief, does not
change this gradient. In febrile patients, daily variations in body tempera-
ture are usually greater than normal, but ordinarily the diurnal gradient
remains the same; fever tends to be higher in the late evening and the spikes
of a hectic fever usually come at 4-8 p.m. Night sweats, usually (but not
invariably) an evidence of low-grade fever, tend to occur at the low point
in the gradient, 2-4 a.m. This fact may be of aid in differentiating the night
sweats of chronic infection from those of emotional disturbance which tend
to occur sooner after retiring.
Reversal of the gradient occurs; patients may have shaking chills in the
early morning or may spike high fever in the forenoon. In my own experi-
ence this has occurred most often in tuberculosis or in bacteremias due to
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Salmonella organisms. Figure 3 shows a hectic fever in a patient with pul-
monary tuberculosis and illustrates an interesting clinical finding which
suggests that the diurnal gradient may involve factors more subtle than
mere activity. In this patient, there was a high spike each morning for many
days. He was given an antipyretic, amidopyrine, at four-hour intervals for
several days. The drug was finally discontinued abruptly at 8 a.m. and as
its influence wore off during the afternoon, fever returned and the tempera-
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FIG. 3. Temperature record of a patient with advanced tuberculosis whose hectic
fever showed daily morning rises, the reverse of the normal daily gradient of tempera-
ture changes. After a period of suppression of fever by amidopyrine, the hectic fever
returned, but at this time conformed to the gradient by showing the usual pattern of
an evening rise each day.
ture promptly spiked between 4 and 8 p.m. The hectic pattern was resumed
and maintained in the pattern of a normal diurnal gradient. It was not pos-
sible to tamper with this patient's gradient in further studies as he was
transferred to another hospital. While no sweeping conclusions can be
drawn from this single chart, further attempts to alter the cycle of febrile
or normal subjects by such a procedure may give interesting results.
THE HEIGHT OF FEVER
The degree of temperature elevation is sometimes of importance.
Children, of course, tend to respond with higher fever to many infections
than do adults. It is also true that elderly patients occasionally show sur-
prisingly little temperature elevation in the presence of severe infection,
particularly pneumonia.
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Oral temperatures exceeding 1050 F. in adults are relatively unusual and
suggest certain diagnostic possibilities: malaria, infections due to Gram
negative bacilli such as pyelonephritis, typhoid, or brucellosis, and tuber-
culosis should be considered. Relapsing fever is apt to be accompanied by
extreme elevations of temperature.
Some severe infections, particularly those due to organisms which
elaborate exotoxins, are accompanied by little fever. Botulism, really not an
infection but an intoxication, is an afebrile disease. Diphtheria is rarely
accompanied by a fever of more than 1020 except in rapidly fatal cases.
Fever in the course of tetanus is a grave prognostic sign.
AMuch attention has been paid to failure of the pulse to accelerate in
proportion to rise in body temperature; relative bradycardia is sometimes
cited as being pathognomonic of typhoid. Actually, a large number of viral
infections are also accompanied by bradycardia, including psittacosis (which
is easily confused with typhoid), infectious mononucleosis, mumps, dengue,
and atypical pneumonia. Relative bradycardia in yellow fever is called
Faget's sign.' It is worth remembering that many types of meningitis
may present with relative bradycardia, presumably due to increased intra-
cranial pressure. Obstructive jaundice, probably due to retained bile salts,
is accompanied by bradycardia" and may rarely cause confusion, particu-
larly if jaundice is recent in onset. In summary, bradycardia out of pro-
portion to fever is so common that it can hardly be regarded as a useful sign
of any specific infection.
THE DURATION OF FEVER
Some knowledge of the usual duration of fever accompanying specific
infectious diseases is often of aid in diagnosis or prognosis. The fever of
Weil's diseases is ordinarily of short duration, rarely extending more than
4-7 days; this point often enables one to eliminate this disease from con-
sideration in the diagnosis of febrile jaundice. So-called "cat-scratch
disease" is accompanied by relatively brief fever although impressive
lymphadenitis often persists for weeks." Persistence of fever in poliomyelitis
is a poor prognostic sign. In patients with infectious hepatitis, fever of more
than two weeks' duration almost invariably means that the diagnosis is
incorrect or that a complication such as subacute hepatic necrosis is
present.'2 So variable is the duration of fever in some diseases that it is
difficult to draw conclusions. This is the case with atypical viral pneumonia
and is one of the main reasons for disagreement about the effectiveness of
aureomycin in this infection.""
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THE USEFULNESS OF FEVER TO THE PATIENT AND THE TREATMENT OF FEVER
The question of the role of fever in the body's defense against infection
often arises. There is no doubt about the effectiveness of induced fever in
diseases such as neurosyphilis, certain inflammations of the eye, and arthri-
tis. In animal experiments elevation of temperature has been shown to be of
importance in resistance to pneumococcal infections"' and to cryptococ-
cosis.'7 On the other hand, increased nitrogen wastage with elevation of
metabolism by fever (7 per cent per F. 0), increased circulatory demands
in patients with myocardial disease,' and, of course, hyperpyrexia itself are
obviously undesirable. Lastly, the value of the temperature curve as an indi-
cator of therapeutic response is worth considering before instituting
antipyretic treatment.
There is little to indicate that lowering temperatures with aspirin impairs
body defenses in human infections. Actually, the usual reason for the use
of aspirin is to alleviate the uncomfortable symptoms which often accom-
pany fever. Evidence that fever per se is responsible for malaise, listlessness,
aches and pains in many infections is not convincing; relief of such mani-
festations by aspirin is hardly proof, as salicylates and related drugs are also
analgesics. It is my own practice to employ codeine or demerol for relief of
discomfort in most instances, thus preserving the fever as a guide to specific
therapy. Some patients with high fever feel surprisingly well. Much of this,
of course, depends upon the individual, but high fever in the absence of
malaise is suggestive of tuberculosis; patients with this disease are often
"pepped up" by fever and actually become more lively as the temperature
rises each evening.
When hyperpyrexia or other considerations lead to a decision to lower
the patient's fever, however, certain things are important. Mechanical
measures are useful if immediate defervescence is desired. There is little
hope that appreciable decrease in heat production will be accomplished in a
short time; measures directed to increasing heat loss can be effective. By far
the most efficient means of doing this is by evaporation of water from the
skin. Tepid sponging of the extremities is the preferred procedure and the
sponging should be vigorous. Alcohol evaporates rapidly but abstracts
fewer calories than does water. Ice packs or cold sponges may intensify
cutaneous vasoconstriction and actually cause a temperature rise. DuBois'
has pointed out that the retention of only sixty calories will raise the tem-
perature of the average adult 10 C. The ingestion of one liter of water at
00 C. (or the melting of this amount of ice on the skin surface) abstracts
forty calories of heat, resulting in a drop of 2/30 C. in body temperature.
The same amount of water vaporized from the skin will extract 585 calories.
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Vigorous sponging stimulates cutaneous vasodilatation and the efficient
evaporation of water.
If an antipyretic drug such as aspirin is used to make a patient comfort-
able it should be given in adequate dosage at four-hour intervals or a
miserable cycle of repeated bouts of chilliness, sweating, etc., may ensue
as fever comes and goes. The fevers accompanying some infections show
remarkable differences in their susceptibility to antipyretics. The fever of
typhoid is unusually susceptible to aspirin and doses of 0.3 to 0.6 g. some-
times result in such an abrupt fall in temperature that circulatory failure
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FIG. 4. The effect of cortisone upon the fever of a patient with mumps orchitis after
failure of aspirin to induce defervescence.
supervenes. As a medical student, I saw a patient with typhoid given 0.6 g.
of aspirin for hyperpyrexia of 1070 F. In slightly more than an hour, the
temperature had fallen to 960 F. and the patient was stuporous, cyanotic
and hypotensive. Aspirin chills have been described as a characteristic of
typhoid. Among fevers more resistant to antipyretics, two diseases have
been impressive in my own experience, although documentation of this has
not been found in published reports. The high fever of exanthem subitum
or roseola infantum is said by many pediatricians to be resistant to
salicylates in ordinary dosage. This clinical impression was of aid to me on
the one occasion that I have diagnosed this illness in the pre-eruptive
stage. The second type of fever which seems surprisingly resistant to aspirin
accompanies mumps orchitis. These statements about roseola and orchitis
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must be classified as clinical impressions at the moment, but we are in the
process of using pencil and notebook, as Dr. Henry Beecher of Boston has
advised,2 in an effort to obtain records which will enable us to change these
clinical impressions to documented clinical research.
Lastly, we would not be in style if we failed to mention cortisone at least
once. This hormone has many influences upon infectious diseases and a
discussion of the controversy over its beneficial or deleterious effects would
be out of place here.' Most infectious fevers fall promptly when cortisone is
administered and there is much sentiment and experiment to justify its use
in conjunction with antibiotics in the treatment of severe infections such as
typhoid."u Figure 4 illustrates the effect of cortisone in a patient with
mumps orchitis. Aspirin in a dosage of 7.2 g. daily was without appreciable
effect upon the patient's fever. Striking defervescence followed a single oral
dose of 300 mg. of cortisone. Incidentally, testicular pain and swelling were
also greatly improved. In four additional cases, we have gained the idea,
still an impression, that this hormone may prove to be extremely efficacious
in the management of this troublesome complication.'
THE FEVER CURVE AS AN INDICATOR OF THERAPEUTIC RESPONSE
Subsidence of fever is, of course, a valuable indicator of the effectiveness
of antibiotic treatment. Indeed, it has become fully as important for physi-
cians to be aware of the expected patterns of response when antibiotics are
administered as it is to recognize symptoms and signs in diagnosis. Other-
wise, needless shifting to other drugs or undue concern about the correct-
ness of diagnosis or undetected complications may ensue. There is a great
tendency for many of us to regard the usually dramatic response of pneumo-
coccal pneumonia to penicillin as a prototype of the response of infection to
antibiotics. Figure 5 demonstrates fairly typical results of specific treat-
ment in pneumococcal pneumonia, in typhoid fever where the effect of
chloramphenicol is usually not apparent for 3-5 days, in meningococcemia,
where a dramatic response to sulfadiazine occurs, and in meningococcal
meningitis, in which very gradual subsidence of fever over several days
follows sulfonamide, penicillin, or combined treatment. The differences in
these curves illustrate the need for an acquaintance with the usual response
to specific antimicrobial agents.
"F.U.O." AND INFECTION
I do not propose to enter into a discussion of the difficult diagnostic
problem presented by so-called "fever of unknown origin" other than to
point out that it still exists.8 Dr. Kilbourne of Tulane has recently warned
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that the substitution of a trial of antibiotics for efforts at clinical or labora-
tory diagnosis in patients with fever bids fair to restore to fever its
Hippocratic status as a disease rather than a manifestation of disease. His
excellent discussion appeared in G.P., the publication of the Academy of
General Practice some months ago.2'
I would conclude by pointing out again that all fevers are not infections.
Figure 6 illustrates the temperature course of a patient admitted with an
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FIG. 5. The usual response of fever in FIG. 6. Fever produced by drug sensi-
patients given specific antibiotic or chemo- tivity (procaine amide) in a patient with
therapy for various infections, including acute myocardial infarction. Note the ef-
penicillin for pneumococcal pneumonia, fect of readministration of the drug on
chloramphenicol for typhoid, sulfadiazine day 23 (reproduced by courtesy of New
for meningococcemia, and combined peni- England Journal of Medicine).
cillin and sulfadiazine for meningococ-
cal meningitis. The divisions along the
abscissae indicate days of illness.
extensive myocardial infarction.W Initial fever subsided somewhat but there
was a recurrence at about the fifteenth day. No reason for this was apparent
but when pronestyl (procaine amide), which had been given for a bout of
ventricular tachycardia was discontinued, temperature returned to normal,
suggesting a drug fever. This was confirmed by readministration of the
drug on the 23d day which was followed by a shaking chill and severe
malaise. Figure 7 is the chart of a patient admitted with varicose veins,
fever, and a small area of cellulitis on one lower extremity. Inspection of
the temperature curve during the first five days reveals that it is bizarre in
appearance, that the spikes fail to conform to the diurnal gradient we have
discussed, and that there is not only a relative bradycardia, but the pulse
rate at times actually falls as the fever rises. The dramatic defervescence on
the fifth day resulted when a routine of holding the rectal thermometer
in place as each temperature was recorded and checking readings immedi-
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ately was instituted. The patient was a malingerer; this is an example of
spurious fever due to manipulation of the thermometer by the patient.'
SUMMARY
Fever is a valuable physical sign in acute infections. A consideration of
its mode of onset, pattern, duration, and height will often yield information
of aid in diagnosis, prognosis, and evaluation of therapy. The questions of
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FIG. 7. Spurious fever in a malingerer detected on the fifth day when rectal tempera-
tures were recorded after holding the thermometer in place to avoid manipulation by
the patient.
the role of fever in body defense and the management of elevated body
temperature have been discussed. It has been pointed out that other types
of disease also produce fever and certain factors which may give rise to
confusion, such as drug fevers or spurious hyperpyrexia, have also been
considered.
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